Ischemia-induced copper loss and suppression of angiogenesis in the pathogenesis of myocardial infarction.
Myocardial ischemia is a primary cause for the loss of vital components such as cardiomyocytes in the heart, leading to myocardial infarction and eventual cardiac dysfunction or heart failure. Suppressed angiogenesis plays a determinant role in the pathogenesis of myocardial infarction. In response to myocardial ischemia, hypoxia-inducible factor-1α and 2α (HIF-1α and HIF-2α) accumulate in cardiomyocytes and other cell types. This would up-regulate the expression of genes involved in angiogenesis such as vascular endothelial growth factor (VEGF); however, it is often observed that the angiogenic capacity is suppressed rather than enhanced. Ischemic toxicity, which has not been fully recognized, is highly responsible for the compromised angiogenic capacity. One of the toxic effects resulting from myocardial ischemia is the loss of copper content in the heart. Although the reason for this loss has not been elucidated, the essential role of copper in the regulation of HIF-1 transcriptional activity has been described. Copper does not affect the accumulation of HIF-1α in the cell, but is required for the HIF-1 transcriptional complex formation and its interaction with the hypoxia-responsive element in target genes. Copper supplementation can stimulate the transcriptional activity of HIF-1 and restore angiogenic capacity, leading to increased capillary density in the heart. The recognition of ischemic toxicity and the effort to overcome the toxic effect would help develop alternative approaches in the treatment of ischemic heart disease.